The carbohydrates translocation and consequently growth and production of fig tree (Ficuscarica L.) vary according to the different management on cultivation conditions. The aim of this study was to evaluate the changes in the levels and total carbohydrates accumulation together with growth and "Roxo de Valinhos" fig trees production onimplementation of orchards in initial phase, cultivated with and without irrigation. We adopted a factorial arrangement (2 x 7) with four repetitions distributed in installments (with and without irrigation) subdivided in time (collect time). Destructive analyzes were performed at 40, 80, 120, 160, 200, 240 and 280 days after pruning (DAP) and are measured: stem diameter and branch, stem length and branch, number of leaves, internodes and fruit. Subsequently, the plant parts were sectioned to obtain the leaf area, length and roots volume, fresh and dry matter weight. The number, weight and total productivity of fruits were evaluated. The media of all growth attributes and production characteristics were higher in treatments with water irrigation. The total carbohydrate content was higher at 120 and 160 DAP and the carbohydrates accumulation was increasing for most institutions over the plants development, except for the leaves that showed a decrease in the levels at 160 DAP. The fruits showed greater carbohydrates accumulation in relation to the other evaluated organs.
Introduction
The fig tree culture in Brazil has presented a significant advancement in recent years, increasing at 45.72% in the produced volume, 116.16% and 404.03% on the amount in export value [1] . The main importing countries of the Brazilian figs are the Netherlands, France, Germany and England [2] . In commercial terms, the "Roxo de Valinhos" fig tree is the only variety grown in Brazil. This variety excels due to high economic value, hardiness, high vigor and productivity, good adaptation to drastic pruning and with fruits can be used for both fresh consumption and industry [3] [4] .
In Brazilian conditions, according to the cultural techniques of the fig tree production, the annual pruning to canopy training and/or fruiting is carried out during the winter, followed by thinning of shoots in the autumn, setting so the number of branches in each plant per production cycle [5] . Subsequent to the drastic pruning starts an intense assimilates translocation to root system for the new branches and fruits formation, however, environmental changes and phenological characteristics provides variations on carbohydrates translocation dynamics to the different partitions of plant. Among the various climatic factors, the availability of air temperature and water promotes the greatest influences in carbohydrates levels on plant, and furthermore, can cause reductions in their growth by affecting the development and production [6] [7] .
The carbohydrate storage by plant is critical to sustain development in stress periods, vegetative dormancy, emission and formation of branches and fruiting [8] . The metabolic interactions study involving the carbohydrates interconversion provides an understanding of assimilates flow and consumption both in whole plants as in separate plant organs. The determination of carbohydrates availability in storage structures has great importance for planning the time of pruning, defoliation, breaking the dormancy control, vegetative growth, fertilization management and production [9] .
Together with the evaluation of carbohydrates, dynamics is necessary to relate it with the fig tree growth characteristics. According to Larcher [7] and Benincasa [10] , the growth analysis is expressed to morphophysiological conditions of plants and then quantifies at production derived from the photosynthetic process, that is, which is the result of assimilatory system performance. Thus, each stage of development and plant growth is strongly limited by the environment through edaphic and climatic factors, plus the cultural techniques that can have major effects on survival and plants productivity [11] .
Given that most research on the carbohydrates flow in fruit only restricts the seedlings stage and/or isolated parts of adult plants are fundamental studies that report the dynamics of carbohydrates and growth characteristics during a cycle full of perennial crops, mainly for the different scenarios of Brazilian fruit production. Therefore, this study aimed to evaluate the changes in the levels and total carbohydrates accumulation in different phenological stages (plant partitions) of "Roxo de Valinhos" fig tree with and without irrigation, at soil and weather conditions of Botucatu, São Paulo State, Brazil.
Material e Methods
The research was conducted at Fruit Cultivation Experimental Sector (Orchard) of the Department of Horticulture, Faculty of Agricultural Sciences (FCA), São Paulo State University (UNESP), Botucatu, Brazil. The local geographic coordinates are 22˚52'47"S, 48˚25'12"W and altitude of 810 m above sea level. The predominant climate type on region, based on the Köppen Classification System is CFa, characterized as warm temperate (mesothermal) with rainfall in summer and dryin winter; precipitation and annual temperature of 1530 mm and 21˚C, respectively [12] . The soil in this area was classified as Red Nitossol [13] , whose the results of soil chemical analysis on the initial experimentare presented in Table 1 .
During the experimental period, the rainfall variation and average, minimum and maximum air temperature in data daily were monitored by the Weather Station of Natural Resources Department in the Faculty of Agricultural Sciences, UNESP, as shown in Figure 1 . The monthly average air temperatures ranged from 16.40 (June) and 24.63˚C (January) for the year 2011. I n 2011 the rainfall was 1984 mm, with 37.61% accumulated only in January, however, between May and September of 2011 were registered only 98.2 mm, thus indicating the importance of irrigation in the regional context. ) fungicides were performed whenever necessary. The weed control between plant rows was done through periodic mechanical mowing and the plants crowning was performed by hand weeding.
The water retention curves were obtained experimentally with undisturbed soil samples colected by volumetric rings (0.05 × 0.05 m for height and diameter) and the relations between matric potential values and soil moisture was obtaining by the Richards porous plate method [15] . The soil density obtained was 1.4822 g cm −3 of 0 to 20 cm and 1.3593 g cm −3 of 20 to 40 cm. The water retention equations were obtained by the squared deviations minimization method were adjusted using the Excel Solver optimization tool and had determination coefficients (r²) of 0.9974 and 0.9930, to the depths of 0 -20 cm and 20 -40 cm, respectively. The adopted drip irrigation system with two emitters was at flow rate of 1.5 L•h −1 per plant. The regime was based on the permanence of matrix potential between the field capacity and the maximum value of 60 kPa, monitored by tensiometers. ); ψ m -matric water potential of soil monitored by tensiometers (kPa) [15] .
The irrigation management was based on tensiometers technique, with batteries of two mercury tensiometers installed in each treatment and repetition. The first tensiometer mounted at 20cm depth (relative to the center of the porous capsule) was regarded as a "decision", as based on their readings were taken irrigations. The second tensiometer was considered "control" was installed at 40 cm depth (with respect to the center of the porous capsule) for drainage control. In general, tensiometers have reliable operation up to the range of −80 kPa [15] , with the variations in readings when increasing the potential increases. The management was based on the permanence of the matric potential next of −30 kPa or water content equal to 0.2988 cm 3 water cm −3 soil (reference content). With ψ m rates assessed in reading, was found that the level of water content by difference between current reading and reference content. Thus, the water volume applied still depended on the volume used by the plant root system, which in this case was monitored by the collection of root systems for destructive evaluations on growth analysis. The rainfall and irrigation levels distribution that have been applied during the trial period are shown in Table 2 .
The growth analyzes were performed every 40 days after pruning (DAP) in a total of To adopt as a reference was held the first collection before pruning to characterize the plants before treatment application. In each collection were uprooted eight plants (four per treatment) with the aid of a backhoe. After removal, the plants were cut and separated in roots, stems, branches, leaves and fruit. Each plant part was washed with water and detergent and packaged to obtain fresh weight. Subsequently, to obtain the dry mass of the plant material was subjected to air drying oven with forced circulation at a temperature of 65˚C for 72 hours. The root system volume was measured by the Becker method, in which the roots are inserted in the becker with a known water volume, and after the increase indicates the root contribution (cm 3 ). The leaf area was obtained with the aid of leaf area integralizator model Licor 3000 (cm −2 ). The total carbohydrates were determined by the phenol-sulfuric method [16] . The extraction was performed in water, treating 10 mg of sample with 10 ml of distilled water for 40 min at 40˚C in a water bath and centrifuged for 30 minutes at 5000 rpm. Sample aliquots of 0.5 ml were used with addition of 0.5 ml phenol and 2.5 ml of concentrated sulfuric acid. The reading was performed in spectrophotometer by absorbance 490 nm. We calculated the total carbohydrate content in mg g −1 dry matter of plant material and carbohydrate accumulation was obtained by the product content with the dry matter (in mg•kg −1 ). The ripe fruit harvest was carried out between January and March 2012. The number, weight and total productivity of fruits were obtained by the sum within each collection, considering green and ripe fruit. The experimental design adopted was randomized block, in factorial arrangement (2 × 7) with 4 replicates distributed in installments (with and without irrigation) subdivided in time (collection time). For growth analysis and total carbohydrate was not considered the first collection.
When significant, regressions (with independent variable as the evaluation time-DAP) were adjusted by Sisvar statistical package and graphic representations made in Origin 6.0. The differences between means were subjected to variance analysis by F test and compared by Tukey test at 5% significance, using Sisvar program [17] .
Results and Discussion

Growth Analysis
In the plants, growth dynamics was observed that the highest mean of leaves number (NL) and leaf area (LA) for two treatments were performed at 200 DAP (Figure 2) and that water supplementation provided mainly differences in leaf area (Figure 1(B) ). The leaf area importance in this culture is reflected mainly on productivity, because the photosynthetic process depends on the interception of light energy and its conversion in to chemical energy [18] . McCree & Fenández [19] claimed that the response called most prominent of plants to drought, constitutes in decrease on LA production, closing of the stomata, senescence acceleration and leaves abscission.
After 200 DAP there was a significant decrease in the number of leaves due to the leaves for natural senescence, and also because this period coincided with the maximum fruit production (considered preferred drains). These results corroborate the results found by Silva [20] , which researching the assimilates allocation labeled with carbon 13 ( 13 C) and the source-sink relationship in fig trees of this variety, found that in plants that had fruit and shoots, the isotopic signals were higher in fruits, indicating a higher assimilates translocation to these organs. Hopkins [21] explains that the relative importance of source-sink change over the plant cycle and according to the spatial distribution. During the growing season, the apical and root meristems are important but in the fruiting stages occur changes between these demands.
For most growth variables in the different plant organs were adjusted polynomial regression (Table 3) , except for root length (linear) ( Table 1 ). For Benincasa [10] , the sigmoidal curve is usually better to plant growth, which presents initial pattern of slow growth followed by a fast phase. However, polynomial or linear models are important because they present evaluation possibilities of maximum and minimum points when they are subjected to numerical derivation.
In general, higher values of growth for all plant organs were observed for the treatments with irrigation, thus indicating the water importance to the plant growth. Kerbauy [22] reported that among there sources that the plant needs to growth, the water is the primary and most limiting. Thus, the vegetation distribution on the sur- face as to agricultural productivity is mainly controlled by the water availability.
The diameter, length, fresh weight and dry matter of the stem were moderately higher in treatments with water irrigation. The increase in branch diameter is due to the vascular activity, which is strongly influenced by factors such as photoperiod, rainfall and availability of physical space [23] . These results differ from those found by Silva [24] for the Roxo de Valinhos fig tree grown in the presence or absence of mulch and irrigated and non-irrigated systems, as the initial stage of development was not observed differences on stem diameter between plants irrigated and non-irrigated.
The growth attributes evaluated for the branch (length, diameter, number of internodes, fresh weight and dry matter) showed maximum values at 270 DAP. The irrigated system resulted in higher means when compared with the non-irrigated systems because of the constant water supply throughout the plants cycle. Benincasa [10] reports that one of the essential water roles is to maintain turgor, which is essential for cell growth and elongation. Taiz & Zeiger [18] confirmed this information when reporting that the largest component of the plant cell growth is governed by expanding turgor pressure, which is controlled by the water.
The root system had linear response for the length, both the irrigation system and the non-irrigated system. On the other hand, the volume, fresh weight and dry matter of roots was adjusted by polynomial model, reaching maximum values at 240 DAP. The highest rates were observed for the treatments with water irrigation, mainly for the volume root had maximum values of (935 cm 3 ) in relation (679.5 cm 3 ) non-irrigated plants. This result shows that the water availability favors the root volume increase.
In Botucatu-SP, Silva [11] evaluating the explored volume and the depth reached by the root system of fig Roxo de Valinhos subjected to treatments with the presence or absence of mulch (sugarcane bagasse) and the supply or no supplemental irrigation, found that in treatments with irrigation, the root system reached greated depths and explored greater volume of soil.
In general, the maximum growth values for the roots, branches, stems and leaves coincided with the highest daily average of temperature and rainfall (January, February and March) (Figure 1) . This reinforces the idea that the plant expresses the greatest potential for growth when is in ideal conditions of temperature and water availability. Table 4) . The average number of fruits, production and productivity were lower in non-irrigated system to 160 DAP, due to low rainfall occurred in the months before fruiting have promoted delay in fruit formation. This also highlights the irrigation importance to the antecipation of the production plant cycle. There was no difference between the Means followed by uppercase letters in the column do not differ by Tukey test t 5% probability. , higher than that found in this work.
Evaluation of Production
Accumulation and Levels of Total Carbohydrates
The total carbohydrates levels to each plant organ were present in Table 5 . It had no significant difference to carbohydrates levels among irrigation systems in most of all collection dates and evaluated organs, except for the branch partition, where there was a higher concentration in the irrigation system, at 120 DAP. In simple terms, the carbohydrates levels present in plant reserves bodies before pruning and treatments (with and without irrigation) were enough to keep the plants metabolic activities that did not receive water irrigation. These results corroborate with Cruz [26] , which did not detect differences in starch content in acid lime "Tahiti" treated with different doses of paclobutrazol in irrigated plants and plants subjected to water stress.
All organs were detected higher levels of total carbohydrates at 120 and 160 DAP, regardless of the water regime ( Table 5 ). This increase may be due to high air temperature observed during the same period (September and October 2011) (Figure 1(A) ), and also by the fact that the plants were in full vegetative growth in the two water management systems. Temperature is one of the climatic elements which is directly connected with the carbohydrates mobilization present in woody plant organs [27] . Rodrigues [28] elucidate that the temperature is an important factor on adaptation of temperate climate fruits plants. Larcher [7] also reports that the intensity of mobilization of carbohydrates influences the branch growth, flowering and fruit production. The results of this study are in agreement with those found by Corsato [29] , which evaluated the carbohydrates variation in the root and branch persimmon variety Rama Fort, observed higher total soluble carbohydrates in roots and branches in the months of September and October (spring) due to the air temperature increase.
Rodrigues et al. [28] , studying the changes in starch and soluble sugars in two pear cultivars gems from February to September, found higher levels of total soluble sugars in September. The authors explain that the elevated total sugars levels occurred during this period due to starch degradation process of soluble carbohydrates (sorbitol, sucrose, glucose and fructose) which have been translocated from bud basis for developing floral structure.
It is worth emphasizing that for the two water regimes, most of the evaluated plant organs showed increasing trend for the total carbohydrate content up to 160 DAP, showing intense carbohydrates partition to the organs growing. However, the fruit was noted that the increase on total carbohydrates increased up to 240 DAP, and the body more carbohydrate accumulated in this period, indicating a possible translocation of these reserves in mature leaves (sources) for fruit (drains). This can be confirmed when analyzing the carbohydrates levels in leaves, which decreases while the increase in the fruit content. The mature leaves are photosynthetically active, and the carbohydrate production of these plant organs is greater than the need for maintenance and growth [30] . Therefore, the surplus is translocated to the organs with little or no photosynthetic activity, as young leaves, branches, buds, flowers and fruits.
The total carbohydrate accumulation varied among plant organs during the growing season, and increasing for most organs both two water regimes ( Table 6 ). The plants received water supplemented accumulated more dry matter, which may be the result of increased CO 2 assimilation and conversion of that molecule photosynthate. At 280 days after pruning, end of the experiment, the irrigated plants fruits accumulated more carbohydrates, followed by branches, stem, root and leaves.
Conclusions
The water supplementation promoted greater growth and increased productivity by 27.68%, which corresponded to 932 kg•ha −1 fruit more compared to non-irrigated system. The higher carbohydrate content in all evaluated organs were observed at 120 and 160 days after pruning, coinciding with the fruiting onset, the fruit being the organs that had the highest total carbohydrates. The total carbohydrates accumulation at 280 days after pruning was higher in the fruits under irrigation system presenting 75.20 mg•kg −1 .
